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A coupling lens arranged on an optical path of an optical 
beam from a VCSEL, Which has a refraction plane and a 
diffraction plane that respectively change a poWer according 
to a temperature change and suppresses a beam-Waist posi 
tion change in a main-scanning direction and a sub-scanning 
directions on the scanning surface caused by the temperature 
change, by a Wavelength change of the optical beam caused 
by poWer changes of the refraction plane and the diffraction 
plane and the temperature change. A de?ecting unit de?ects 
the optical beam that passed through the coupling lens. A 
scanning optical system condenses a de?ected optical beam 
on the scanning surface. 
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OPTICAL SCANNING DEVICE AND IMAGE 
FORMING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority to and incorporates 
by reference the entire contents of Japanese priority docu 
ment, 2006-239564 ?led in Japan on Sep. 4, 2006. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical scanning device 

and an image forming apparatus, and, more particularly to an 
optical scanning device that scans a scanning surface by 
beams from a light source, and to an image forming apparatus 
including the optical scanning device. 

2. Description of the Related Art 
Recently, high stability relative to temperature change, 

high de?nition (high image quality), and high speed as Well as 
cost reduction are required for image forming apparatuses 
such as an optical printer, a digital copying machine, and an 
optical plotter. These image forming apparatuses generally 
include an optical scanning device that scans a scanning 
surface by beams from a light source. 

For high de?nition and high speed of an image forming 
apparatus, a method of using a plurality of beams has been 
used. To obtain a plurality of beams, there are tWo methods: 
(1) a method of combining a plurality of end-face emitting 
semiconductor lasers; and (2) a method of using an end-face 
emitting laser array in Which a plurality of light emitting units 
is formed on one substrate. HoWever, in the method (1), there 
are problems in that because the elements are mounted in a 
plurality of numbers, a light source unit becomes compli 
cated, the number of parts increases and complicated adjust 
ment is required. In the method (2), there is a problem that 
there is a difference in Wavelength betWeen the light emitting 
units, and individual adjustment is not possible. 
A light source using a vertical-cavity surface-emitting laser 

(VCSEL) has been recently proposed. This type of light 
source can easily form several tens of light emitting units 
tWo-dimensionally on one element. Further, because light 
emission due to stable laser oscillation is performed by a 
single longitudinal mode oscillation in each light emitting 
unit, a difference in the Wavelength betWeen respective light 
emitting units is quite small. 
As a representative method of achieving cost reduction of 

the image forming apparatus, there is a method of resinifying 
optical elements used for the optical scanning device. For 
example, if various lenses are formed of a resin material, there 
are merits that (l) lightening is possible, (2) loW-cost molding 
is possible, and (3) formation of a surface having a special 
shape (hereinafter, also “special surface” for convenience) is 
facilitated. Particularly, if a resin lens having the special sur 
face is employed, optical characteristic of the lens can be 
improved. As one of the special surfaces, there is a diffraction 
plane having a shape obtained by folding a shape of a refrac 
tion plane at an appropriate pitch. The diffraction plane can 
add a poWer higher than that of the refraction plane to the lens, 
thereby enabling a reduction of the number of the lenses 
constituting an optical system of the optical scanning device. 

To realiZe the image forming apparatus highly stable rela 
tive to a temperature change, in the optical scanning device, 
(A) a method of correcting degradation of the optical charac 
teristics due to the temperature change by combining a plu 
rality of lenses having an opposite poWer to each other, and 
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2 
(B) a method of correcting degradation of the optical charac 
teristics due to the temperature change by using negative 
dispersion of the diffraction plane have been proposed (for 
example, see Japanese Patent Application Laid-open Nos. 
2004-126192, 2003-337295, H1 1-223783, 2002-214556, 
and 2005-215188). Particularly, along With sophistication of 
a forming technique of the resin material, the method of using 
the diffraction plane is effective for realiZing the optical scan 
ning device highly stable relative to a temperature change, 
With a small number of parts and loW cost. 

HoWever, because the diffraction plane is very sensitive to 
a difference in Wavelength of incident beams, there is the 
possibility that signi?cant performance degradation of the 
optical system can occur according to magni?cation of the 
optical system and a difference in Wavelength of the light 
source. In the method (B), therefore, the shape of the diffrac 
tion plane needs to be designed so that a poWer change of the 
diffraction plane due to Wavelength variation of the light 
source cancels the performance degradation of the optical 
system. In other Words, the shape of the diffraction plane 
needs to be designed corresponding to the optical system, and 
therefore generality of the lens having the diffraction plane 
formed thereon decreases, thereby leading to cost increase. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to at least partially 
solve the problems in the conventional technology. 
An optical scanning device according to one aspect of the 

present invention scans a scanning surface using an optical 
beam. the optical scanning device includes a vertical-cavity 
surface-emitting laser that emits the optical beam; a coupling 
lens arranged on an optical path of the optical beam from the 
vertical-cavity surface-emitting laser, the coupling lens hav 
ing a refraction plane and a diffraction plane that respectively 
change a poWer according to a temperature change and sup 
pressing a beam-Waist position change in a main-scanning 
direction and a sub-scanning directions on the scanning sur 
face caused by the temperature change, by a Wavelength 
change of the optical beam caused by poWer changes of the 
refraction plane and the diffraction plane and the temperature 
change; a de?ecting unit that de?ects the optical beam that 
passed through the coupling lens; and a scanning optical 
system that condenses a de?ected optical beam on the scan 
ning surface. 
An image forming apparatus according to another aspect of 

the present invention includes at least one image carrier; and 
an optical scanning device that scans a scanning surface using 
an optical beam, Which includes a vertical-cavity surface 
emitting laser that emits the optical beam, a coupling lens 
arranged on an optical path of the optical beam from the 
vertical-cavity surface-emitting laser, the coupling lens hav 
ing a refraction plane and a diffraction plane that respectively 
change a poWer according to a temperature change and sup 
pressing a beam-Waist position change in a main-scanning 
direction and a sub-scanning directions on the scanning sur 
face caused by the temperature change, by a Wavelength 
change of the optical beam caused by poWer changes of the 
refraction plane and the diffraction plane and the temperature 
change; a de?ecting unit that de?ects the optical beam that 
passed through the coupling lens; and a scanning optical 
system that condenses a de?ected optical beam on the scan 
ning surface. The scanning optical system scans the optical 
beam including image information to the at least one image 
carrier. 
The above and other objects, features, advantages and tech 

nical and industrial signi?cance of this invention Will be 
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better understood by reading the following detailed descrip 
tion of presently preferred embodiments of the invention, 
When considered in connection With the accompanying draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram for explaining a con?gura 
tion of a laser printer according to an embodiment of the 
present invention; 

FIG. 2 is a perspective vieW of a schematic con?guration of 
an optical scanning device in FIG. 1; 

FIG. 3 is a schematic diagram for explaining a coupling 
lens and a line-image forming lens in FIG. 2; 

FIG. 4 is a schematic diagram (1) for explaining a diffrac 
tion plane; 

FIG. 5 is a schematic diagram (2) for explaining a diffrac 
tion plane; 

FIG. 6A and FIG. 6B are schematic diagrams for explain 
ing a relationship betWeen a variation amount of a beam Waist 
position and temperature; 

FIG. 7 is a schematic diagram for explaining positions of 
respective parts in the optical scanning device shoWn in FIG. 
2; 

FIG. 8A and FIG. 8B are schematic diagrams for explain 
ing a manufacturing method of a mold for forming the dif 
fraction plane; 

FIG. 9 is a schematic diagram for explaining a plurality of 
opening members; 

FIG. 10 is a schematic diagram for explaining a schematic 
con?guration of a tandem color copying machine; 

FIG. 11 is a schematic diagram for explaining con?gura 
tion example 1 of the optical scanning device in FIG. 10; and 

FIG. 12 is a schematic diagram for explaining con?gura 
tion example 2 of the optical scanning device in FIG. 10. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Exemplary embodiments of the present invention are 
explained in detail beloW With reference to the accompanying 
draWings. FIG. 1 is a schematic diagram for explaining a 
con?guration of a laser printer 500 as an image forming 
apparatus according to an embodiment of the present inven 
tion. 

The laser printer 500 includes a photoconductive drum 
511, a charging roller 512, a developing unit 513, a transfer 
roller 514, a cleaning unit 515, a fuser 516, an optical scan 
ning device 900, a cartridge 518, a registration rollerpair 519, 
a paper feed roller 520, a pair of paper ejection rollers 522, 
and a tray 523. 

The charging roller 512, the developing unit 513, the trans 
fer roller 514, and the cleaning unit 515 are respectively 
arranged near the surface of the photoconductive drum 511. 
These units are arranged along the rotation direction of the 
photoconductive drum 511 (a direction of arroW in FIG. 1) in 
an order of the charging roller 512, the developing unit 513, 
the transfer roller 514, and the cleaning unit 515. 

The photoconductive drum 511 is an image carrier, and a 
photosensitive layer having photoconductivity is formed on 
the surface thereof. 

The charging roller 512 is a charging unit that uniformly 
charges the surface of the photoconductive drum 511. As the 
charging unit, a corona charger can be used. 

The optical scanning device 900 scans the surface of the 
photoconductive drum 51 1 charged by the charging roller 512 
With beams LB modulated based on image information from 
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4 
a high-order apparatus (for example, a personal computer). 
Due to the optical scanning by the optical scanning device 
900, electric charges disappear only in a part irradiated With 
the beams on the surface of the photoconductive drum 511, to 
form a latent image (electrostatic latent image) corresponding 
to the image information on the surface of the photoconduc 
tive drum 511. The latent image formed here is a so-called 
negative latent image, and moves in a direction toWard the 
developing unit 513 With the rotation of the photoconductive 
drum 511. A longitudinal direction of the photoconductive 
drum 511 (a direction along an axis of rotation) is referred to 
as a “main-scanning direction”, and a rotation direction of the 
photoconductive drum 511 is referred to as a “sub-scanning 
direction”. The con?guration of the optical scanning device 
900 Will be described later. 
The developing unit 513 includes a toner cartridge in Which 

a toner is stored, so that the toner is stuck only on the part 
irradiated With the beams on the surface of the photoconduc 
tive drum 511. In other Words, the developing unit 513 alloWs 
the toner to adhere on the latent image formed on the surface 
of the photoconductive drum 511, thereby manifesting an 
image of the image information. The latent image on Which 
the toner has adhered (hereinafter, also “toner image” for 
convenience) moves in the direction toWard the transfer roller 
514 With the rotation of the photoconductive drum 511. 
The cartridge 518 is detachable from the body of the laser 

printer 500, and transfer paper P as a transfer object is stored 
therein. The paper feed roller 520 is arranged near the car 
tridge 518, and the paper feed roller 520 takes out the upper 
most one sheet of the transfer paper P stored in the cartridge 
518. 
The registration roller pair 519 is arranged near the transfer 

roller 514, to catch an end of the transfer paper taken out by 
the paper feed roller 520. The registration roller pair 519 then 
feeds the transfer paper to a gap betWeen the transfer roller 
514 and the photoconductive drum 511, With timing adjusted 
With a shift of the toner image on the photoconductive drum 
511 to a transfer position. The fed transferpaper is overlapped 
on the toner image by the transfer roller 514, and the toner 
image is electrostatically transferred. 
The transfer paper onto Which the toner image has been 

transferred is fed to the fuser 516, and the toner image is ?xed 
by the fuser 516. The transfer paper is then ejected onto the 
tray 523 by the paper ejection rollers 522, via a carrier path 
521. 
The surface of the photoconductive drum 511 after the 

toner image is transferred is cleaned by the cleaning unit 515, 
to remove residual toner and paper dust. 
The con?guration of the optical scanning device 900 is 

explained With reference to FIG. 2. 
The optical scanning device 900 includes a vertical-cavity 

surface-emitting laser 1, a coupling lens 2, an aperture 3, a 
line-image forming lens 4, a polygon mirror 5 as a de?ecting 
unit, tWo scanning lenses (6a, 6b), a folding mirror 7, a 
synchronizing mirror 9, a synchronizing lens 10, and a syn 
chroniZation detector 11. 
The vertical-cavity surface-emitting laser 1 includes a plu 

rality of light emitting units having an emission Wavelength of 
780 nanometers in design. As an example, the vertical-cavity 
surface-emitting laser 1 has a characteristic such that When 
temperature increases by 1° C. relative to a standard tempera 
ture (250 C.), the emission Wavelength shifts to a long Wave 
length side by 0.062 nanometer. 
The coupling lens 2 is a resin lens having a focal length of 

45 millimeters, and changes the beams emitted from the 
vertical-cavity surface-emitting laser 1 substantially to paral 
lel beams. The resin as the material of the coupling lens 2 has 
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physical properties such that a refractive index at the standard 
temperature relative to the beams of 780 nanometers is 
1.523961, a refractive index When the temperature rises by 
200 C. from the standard temperature is 1.522188, and a 
coe?icient of linear expansion is 7.0><10_5/K. 
As shoWn in FIG. 3 as one example, a refraction plane is 

used for an emission plane of the coupling lens 2. As one 
example, the refraction plane has a rotationally symmetric 
spherical coe?icient With a radius of curvature being 24.77 
millimeters. 
As shoWn in FIG. 3 as one example, in the coupling lens 2, 

a diffraction plane is used for an incident plane. The diffrac 
tion plane is a plane obtained, as shoWn in FIG. 4 as one 
example, by combining a plane having a diffraction effect 
(hereinafter, also “?rst plane” for convenience) With a plane 
having a refraction effect (hereinafter, also “secondplane” for 
convenience). It is set such that the poWer of the ?rst plane and 
the poWer of the second plane are cancelled by each other. 
Accordingly, the diffraction plane of the coupling lens 2 has 
no poWer both in the main-scanning direction and the sub 
scanning direction. 
When it is assumed that a distance from an optical axis on 

a surface vertical to the optical axis is R, a phase function (|)(R) 
of the ?rst plane is represented by the folloWing equation (1). 
A point on the optical axis is designated as RIO. 

As one example, C in equation (1) is —0.015594077. In this 
case, as shoWn in FIG. 5 as one example, the ?rst plane 13 is 
formed on a paraboloid expressed as y:0.029761905><r2, 
Where y denotes a depth in a direction of optical axis, and r 
denotes a distance from the optical axis (lens height). 
As one example, the radius of curvature of the secondplane 

is 16.8 millimeters. 
A plurality of diffraction grooves on the diffraction plane 

of the coupling lens 2 is concentric circular, centering on the 
optical axis, and stepWise (see FIG. 3). That is, diffraction 
grooves are formed multi-stepWise on the diffraction plane of 
the coupling lens 2. 

Speci?cally, a difference in level in the multi-step shape is 
1.489 micrometers, a minimum pitch (the outermost Zone) is 
8.347 micrometers, and number of steps is 179 steps. 

If the diffraction plane has a shape obtained by folding a 
surface shape of the refraction plane With appropriate differ 
ence and pitch, the pitch gradually decreases toWard a periph 
eral part of the lens. Accordingly, production of a mold for 
forming the diffraction plane becomes dif?cult. HoWever, if 
the diffraction plane is formed by combining the ?rst plane 
and the second plane having opposite poWer to each other, a 
folded part on the diffraction plane becomes an obtuse angle, 
Which is advantageous in production of the mold. Particu 
larly, as in the present embodiment, When the surface shape of 
the diffraction plane is a multi-step shape, the angle of the 
folded part becomes a right angle, Which is a stepWise shape 
symmetrical to the optical axis, thereby further improving the 
convenience in production of the mold. 
As one example, the poWer of the refraction plane (emis 

sion plane) at the standard temperature is —8.39><10_3 (mm 
1), the poWer of the diffraction plane (incident plane) at the 
standard temperature is 3.12><10_2 (mm' 1), a poWer change of 
the refraction plane per unit Wavelength is 1.05 x10‘6 (mm‘ 1), 
and a poWer change of the diffraction plane per unit Wave 
length is 4.46><10_6 (mm-1). That is, the poWer change ofthe 
refraction plane per unit Wavelength is smaller than that of the 
diffraction plane per unit Wavelength. 
As shoWn in FIGS. 6A and 6B as one example, the coupling 

lens 2 is so set as to suppress a change in the beam Waist 
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6 
position in the main and sub-scanning directions on the sur 
face of the photoconductive drum 511 due to the temperature 
change, by a Wavelength change of the beams from the ver 
tical-cavity surface-emitting laser 1 resulting from the poWer 
change of the refraction plane and the diffraction plane and 
the temperature change. A diffractive COL in FIGS. 6A and 
6B is a so-called self-proving coupling lens designed to can 
cel only a temperature change occurring at the time of chang 
ing the material of the coupling lens from glass to resin by the 
diffraction plane of the oWn lens. A variation amount of the 
beam Waist position in a combination of “diffractive COL+ 
line-image forming lens” is substantially Zero, as in a com 
bination of “glass COL (glass coupling lens)+line-image 
forming lens”. “Glass CYL” in FIGS. 6A and 6B stands for a 
glass cylindrical lens. In a combination of “glass COL+glass 
CYL”, the variation amount of the beam Waist position 
largely differs according to the temperature. 
The vertical-cavity surface-emitting laser 1 and the cou 

pling lens 2 are held by a holding member (not shoWn) formed 
of a material having a coe?icient of linear expansion of 23x 
1 0-5 / K. 
The aperture 3 has a rectangular opening having a Width of 

6.4 millimeters in a direction corresponding to the main 
scanning direction and a Width of 1.18 millimeters in a direc 
tion corresponding to the sub-scanning direction, as one 
example, and shapes the beams via the coupling lens 2 to 
determine a beam spot diameter on the photoconductive drum 
511. 

In this speci?cation, the “beam spot diameter” is de?ned by 
using a line spread function in light intensity distribution of 
the beam spot. When a center of the beam spot is designated 
as a reference, and it is assumed that the light intensity dis 
tribution of the beam spot inY coordinate in the main-scan 
ning direction and Z coordinate in the sub-scanning direction 
is f(Y, Z), the line spread function LSZ (Z) in the sub-scan 
ning direction is expressed by the folloWing equation (2). 
Integration is performed relative to the Whole Width of the 
beam spot in the main-scanning direction. 

[Equation 1] 
LSZ(Z):jf(XZ)dY (2) 

The line spread function LSZ (Y) in the main-scanning 
direction is expressed by the folloWing equation (3). Integra 
tion is performed relative to the Whole Width of the beam spot 
in the sub-scanning direction. 

[Equation 2] 

LSYQ’FUIXZWZ (3) 

The line spread function LSZ (Z) and the line spread func 
tion LSZ (Y) have generally a substantially Gaussian distri 
bution shape, and the beam spot diameter in the main and 
sub-scanning directions are provided in Widths in the main 
and sub-scanning directions of a region in Which these line 
spread functions are equal to or larger than 1/e2 of the maxi 
mum value thereof. 

The beam spot diameter de?ned as described above by the 
line spread functions can be easily measured by optically 
scanning a beam spot by a slit at a uniform velocity, receiving 
light having passed through the slit by an optical detector, and 
integrating the received light amount, and an apparatus for 
performing such measurement has already been commer 
cially available. 
The line-image forming lens 4 images the beams having 

passed through the opening of the aperture 3 near a de?ection 
re?ecting surface of the polygon mirror 5 relative to the 
sub-scanning direction. 
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The incident plane of the line-image forming lens 4 is an 
anamorphic plane having a radius of curvature of 512 milli 
meters in a direction corresponding to the main-scanning 
direction and a radius of curvature of 56.4 millimeters in a 
direction corresponding to the sub-scanning direction. 
A plurality of diffraction grooves are formed stepWise in a 

concentric elliptic shape on the emission plane of the line 
image forming lens 4. That is, the diffraction plane of the 
line-image forming lens 4 is formed multi-stepWise. A phase 
function (|)(Y, Z) of the diffraction plane is represented by the 
folloWing equation (4). As one example, C1 is —0.001999851, 
and C2 is —0.014084973. The diffraction plane is formed on 
a toroidal plane having a radius of curvature of 131 millime 
ters in a direction corresponding to the main-scanning direc 
tion and a radius of curvature of 18.6 millimeters in a direc 
tion corresponding to the sub-scanning direction. 

The diffraction plane of the line-image forming lens 4 is a 
plane obtained by combining the ?rst plane and the second 
plane, like the coupling lens 2, and set such that the poWer of 
the ?rst plane and the poWer of the second plane are cancelled 
by each other in both of the main-scanning direction and the 
sub-scanning direction. Accordingly, the diffraction plane of 
the line-image forming lens 4 has no poWer both in the main 
scanning direction and the sub-scanning direction. In the 
present embodiment, it is set such that scattered light, 
re?ected light, and diffracted light of unnecessary order on 
the diffraction plane of the line-image forming lens 4 do not 
return to the vertical-cavity surface-emitting laser 1. 

If the diffraction plane of the line-image forming lens 4 is 
a surface on the incident plane side of the line-image forming 
lens 4, the diffractionplane has a surface vertical to the optical 
axis. Therefore, the incident beams Will cause strong re?ec 
tion on the diffraction plane, and therefore there is the possi 
bility that the re?ected beams return to the vertical-cavity 
surface-emitting laser 1 to cause interference. Therefore, 
When the incident beams are substantially parallel beams, it is 
desired that the stepWise diffraction plane is designated as a 
surface on the emission plane side. 
The diffraction plane of the line-image forming lens 4 has 

a function of correcting a change in the optical characteristics 
of the optical scanning device 900 due to a temperature 
change. For example, if a glass coupling lens, Which does not 
have the diffraction plane, is used instead of the coupling lens 
2, When the temperature changes by 200 C. from the standard 
temperature, a change in the beam Waist position relative to 
the main-scanning direction Was —0.01 millimeter, and a 
change in the beam Wai st position relative to the sub-scanning 
direction Was 0.01 millimeter. 

The optical system arranged on an optical path betWeen the 
vertical-cavity surface-emitting laser 1 and the polygon mir 
ror 5 is also referred to as an optical system before the de?ect 
ing unit. The optical system before the de?ecting unit is 
arranged so that an imaging position is near the surface of the 
photoconductive drum 511. In the present embodiment, the 
optical system before the de?ecting unit includes the cou 
pling lens 2, the aperture 3, and the line-image forming lens 4. 

The polygon mirror 5 has, as one example, four mirrors 
With a radius of inscribed circle being 7 millimeters, and 
rotates at uniform velocity around an axis parallel to the 
sub-scanning direction. The polygon mirror 5 is surrounded 
by a soundproof glass (not shoWn) having a thickness of 1.9 
millimeters. As one example, the glass as the material of the 
soundproof glass has physical properties such as a refractive 
index of 1.511187 at the standard temperature (250 C.) rela 
tive to 780-nanometer beams, a refractive index of 1.511208 
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When the temperature rises by 200 C. from the standard tem 
perature, and a coef?cient of linear expansion of 7.5><10_5/ K. 

As shoWn in Table 1 as one example, the scanning lens 611 
has an incident plane having a paraxial radius of curvature in 
the main-scanning direction of —110.142 millimeters and a 
paraxial radius of curvature in the sub-scanning direction of 
—472.788 millimeters, and an emission plane having a 
paraxial radius of curvature in the main-scanning direction of 
—57.939 millimeters and a paraxial radius of curvature in the 
sub-scanning direction of —500 millimeters. The scanning 
lens 611 is a resin lens having a thick Width of 8 millimeters at 

the center (on the optical axis) (d8 in FIG. 7). This resin has 
the same physical properties as those of the material of the 
coupling lens 2. 

TABLE 1 

Incident Emission 
plane plane 

Paraxial radius of curvature in —110.142 —57.939 
main-scanning direction (rnrn) 
Paraxial radius of curvature in —472.788 —500 
sub-scanning direction (rnrn) 

As shoWn in Table 2 as one example, the scanning lens 6b 
has an incident plane having a paraxial radius of curvature in 
the main-scanning direction of —5000 millimeters and a 
paraxial radius of curvature in the sub-scanning direction of 
93.8 millimeters, and an emission plane having a paraxial 
radius of curvature in the main-scanning direction of 724.16 
millimeters and a paraxial radius of curvature in the sub 
scanning direction of —60.71 millimeters. The scanning lens 
6b is a resin lens having a thick Width at the center (on the 
optical axis) (d10 in FIG. 7). This resin has the same physical 
properties as those of the material of the coupling lens 2. 

TABLE 2 

Incident Emission 
plane plane 

Paraxial radius of curvature in —5000 724.16 
main-scanning direction (rnrn) 
Paraxial radius of curvature in 93.8 —60.71 
sub-scanning direction (rnrn) 

Respective planes of the scanning lenses 6a and 6b are 
aspheric planes, and respectively have a noncircular shape 
shoWn by the folloWing equation (5) in the main-scanning 
direction. A curvature of the both planes in a virtual section 
parallel to the optical axis and the sub-scanning direction 
(hereinafter, “sub-scanning section”) changes in the main 
scanning direction according to the folloWing equation (6). 
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-continued 

(6) 

Where X denotes a depth in a direction of the optical axis, Rm 
denotes a paraxial radius of curvature in the main-scanning 
direction,Y denotes a distance in the main-scanning direction 
from the optical axis, K denotes a conic constant, A1, A2, A3, 
A4, A5, . . . are coef?cients, RS denotes a paraxial radius of 

curvature in the sub-scanning direction, and B1, B2, B3, . . . are 
coe?icients. 

The conic constant and respective coe?icients of the inci 
dent plane of the scanning lens 611 are shoWn in Table 3. 

TABLE 3 

K 0 B1 0 
A4 -3.87482 X 10*7 B2 0 
A6 -6.88714 ><107l0 B3 0 
A8 -3.02912 X 10713 B4 0 
A10 —1.381964><10’l6 B5 0 
A12 4.973160 X 10*20 B6 0 

B7 0 
B8 0 

The conic constant and respective coe?icients of the emis 
sion plane of the scanning lens 611 are shoWn in Table 4. 

TABLE 4 

K 0 Bl 6.44465 X 1076 
A4 1.46716 X 10*7 B2 -2.76702 X 1076 
A6 2.24364 X 10710 B3 -1.17939 X 1078 
A8 -1.24578 X 10*14 B4 -7.27004 X 10*9 
A10 5.54989 ><107l8 B5 3.89316 ><107ll 
A12 -8.15818 ><10720 B6 -5.12653 ><107l2 

B7 -3.86625 X 10714 
B8 1.12285 ><107l4 

The conic constant and respective coe?icients of the inci 
dent plane of the scanning lens 6b are shoWn in Table 5. 

TABLE 5 

K 0 Bl 4.98759 X 10*7 
A4 9.47700 X 1078 B2 -9.40784 X 1077 
A6 -7.06270 X 10712 B3 5.11005 X 10711 
A8 1.70056 ><107l6 B4 7.50683 ><107ll 
A10 -6.11408 X 10*20 B5 -5.15221><10*l5 
A12 3.00776 ><10724 B6 -4.81012 ><107l5 

B7 —1.46189><10’lg 
B8 7.21434 ><107l9 
Bg 2.22208 X 10*23 
B10 -2.53749 X 10723 

The conic constant and respective coe?icients of the emis 
sion plane of the scanning lens 6b are shoWn in Table 6. 

TABLE 6 

K 0 B1 0 
A4 -5.56255 X 10*8 B2 2.9875 X 10*7 
A6 5.42541 X 10712 B3 0 
A8 -6.15064 ><107l6 B4 0 
A10 -2.44542 X 10*20 B5 0 
A12 1.76451 X 10*24 B6 0 

B7 0 
B8 0 
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As one example, the distance (d7 in FIG. 7) betWeen the 

polygon mirror 5 and the incident plane of the scanning lens 
611 is 43 .3 millimeters, the distance (d9 in FIG. 7) betWeen the 
emission plane of the scanning lens 611 and the incident plane 
of the scanning lens 6b is 101.1 millimeters, the distance (d11 
in FIG. 7) betWeen the emission plane of the scanning lens 6b 
and the surface of the photoconductive drum 511, Which is a 
scanning surface, is 139.9 millimeters. 
An angle (0 in FIG. 7) formed by a traveling direction of the 

beams incident to the de?ection re?ecting surface of the 
polygon mirror 5 from the vertical-cavity surface-emitting 
laser 1 side and a traveling direction of the beams re?ected by 
the de?ection re?ecting surface of the polygon mirror 5 
toWard a position of image height 0 (a position denoted by 
sign p0 in FIG. 7) on the surface of the photoconductive drum 
511 is 59 degrees. 
The folding mirror 7 folds the optical path of the beams via 

the scanning lens 6b toWard the surface of the photoconduc 
tive drum 511. Accordingly, a beam spot is formed on the 
surface of the photoconductive drum 511. The beam spot 
moves in the main-scanning direction With the rotation of the 
polygon mirror 5. That is, the beam spot scans on the photo 
conductive drum 511. 
The optical system arranged on the optical path betWeen 

the polygon mirror 5 and the photoconductive drum 511 is 
also referred to as a scanning optical system. In the present 
embodiment, the scanning optical system includes the scan 
ning lens 6a, the scanning lens 6b, and the folding mirror 7. A 
dustproof glass (not shoWn) having a thickness of 1.9 milli 
meters is arranged betWeen the folding mirror 7 and the 
photoconductive drum 511. The dustproof glass is made of 
glass having the same physical property as that of the sound 
proof glass. 
A part of the beams passing through the scanning lens 611 

toWard outside of an effective scanning area is received by the 
synchroniZation detector (synchronization sensor) 11 via the 
synchronizing mirror 9 and the synchroniZing lens 10. The 
synchroniZation detector 1 1 outputs a signal corresponding to 
the received light amount (photoelectric conversion signal). 
Timing to start scanning is determined based on the output of 
the synchroniZation detector 11. 

In the laser printer 500 according to the present embodi 
ment, a change in the beam Waist position relative to the 
main-scanning direction When the temperature changed by 
200 C. from the standard temperature Was 0.03 millimeter, 
and a change thereof relative to the sub-scanning direction 
Was 0.00 millimeter. When a resin coupling lens having no 
diffraction plane Was used instead of the coupling lens 2, as 
one example, a change in the beam Waist position relative to 
the main-scanning direction When the temperature changed 
by 200 C. from the standard temperature Was 15.93 millime 
ters, and a change thereof relative to the sub-scanning direc 
tion Was —2.27 millimeters. In other Words, the coupling lens 
2 can remarkably reduce the change in the beam Waist posi 
tion both in the main and sub-scanning directions. 
As explained above, the optical scanning device 900 

according to the present embodiment includes the coupling 
lens 2 having the refraction plane and the diffraction plane, 
Whose poWers respectively change corresponding to a tem 
perature change, so that the change in the beam Waist position 
in the main and sub-scanning directions on the scanning 
surface due to the temperature change can be suppressed by a 
Wavelength change of the beams from the laser 1 resulting 
from the poWer change of the refraction plane and the diffrac 
tion plane and the temperature change. Because the coupling 
lens 2 emits the beams from the vertical-cavity surface-emit 
ting laser 1 toWard the polygon mirror 5 as substantially 
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parallel beams, the focal length of the coupling lens 2 can be 
set Without relying on the optical characteristics of the scan 
ning optical system. Further, the shape of the diffraction plane 
of the coupling lens 2 is not for correcting a change in the 
optical characteristics of the Whole optical scanning device 
due to a temperature change, but for correcting only a change 
in the optical characteristics of the coupling lens itself. There 
fore, generality is improved and stable optical scanning 
becomes possible Without causing cost increase. 

Generally, the change in the optical characteristics of the 
coupling lens considerably affects the optical performance of 
the optical scanning device. When the coupling lens is resini 
?ed, the in?uence thereof further increases. As in the present 
embodiment, therefore, even if the coupling lens corrects 
only the change in the optical characteristics of the coupling 
lens itself, the correction largely contributes to stabiliZation 
of the optical scanning device. 
A divergence angle of the beams emitted from the vertical 

cavity surface-emitting laser is small. Further, to reduce a 
magni?cation relative to the main-scanning direction, the 
focal length of the coupling lens needs to be long. Therefore, 
a correction effect of the beam Waist position relative to the 
temperature change by “elongation (so-called lens barrel 
elongation)” of a holding member that holds the vertical 
cavity surface-emitting laser and the coupling lens is small. 
Therefore, it is desired to set the coupling lens sensitive to the 
Wavelength change (overcorrection). Because the beams 
emitted from the vertical-cavity surface-emitting laser have 
little Wavelength shift (Wavelength transition), it is desired to 
design the coupling lens, preferentially taking a temperature 
change into consideration, rather than the Wavelength change. 
The effect of the diffraction plane of the coupling lens is 
obtained by using the characteristics thereof. On the other 
hand, there is the possibility that undesired Wavelength 
change can cause deterioration of the optical performance. 
HoWever, When the vertical-cavity surface-emitting laser is 
used as the light source, mode hop does not occur fundamen 
tally, Which is different from the end-face emitting semicon 
ductor lasers. Therefore, degradation of the optical character 
istics due to undesired Wavelength change can be avoided. 

According to the optical scanning device 900 in the present 
embodiment, in the coupling lens 2, it is set such that a poWer 
change of the refraction plane per unit Wavelength becomes 
smaller than that of the diffraction plane per unit Wavelength. 

To obtain high de?nition in the image quality, the beam 
spot diameter on the surface of the photoconductive drum 
needs to be small. Generally, because the vertical-cavity sur 
face-emitting laser has a smaller divergence angle of the 
beams than that of the end-face emitting semiconductor laser, 
it is necessary to design such that the focal length of the 
coupling lens is longer than that in the end-face emitting 
semiconductor laser. If the focal length of the coupling lens is 
long, the poWer of the diffraction plane for correcting a 
change in the optical characteristics of the coupling lens itself 
can be small. Therefore, even a vertical-cavity surface-emit 
ting laser having a small Wavelength change can perform 
suf?cient correction. Accordingly, application of the vertical 
cavity surface-emitting laser can exhibit a strong effect in 
stabiliZing the optical scanning device, together With intro 
duction of the diffraction plane into the coupling lens. 

According to the optical scanning device 900 in the present 
embodiment, the poWer of the ?rst plane and the poWer of the 
second plane in the coupling lens 2 are cancelled by each 
other. Accordingly, a folded part of the diffraction plane 
becomes an obtuse angle, thereby facilitating the production 
of the mold for forming the diffraction plane. 
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According to the optical scanning device 900 in the present 

embodiment, the shape of the diffraction plane of the cou 
pling lens 2 is a multi-step shape. Accordingly, the folded part 
of the diffraction plane becomes a right angle, Which is a 
stepWise shape symmetrical to the optical axis, thereby fur 
ther improving the production of the mold for forming the 
diffraction plane. In this case, O-th order light and diffracted 
light of 1st order light and after are directed to the same 
direction, it has, optically, an equal value as that of the non 
poWer plane, and therefore degradation of the optical charac 
teristics relative to decentering can be suppressed. 

According to the optical scanning device 900 in the present 
embodiment, because the vertical-cavity surface-emitting 
laser 1 has a plurality of light emitting parts, a plurality of 
scanning becomes possible simultaneously. Accordingly, 
stable and high-density optical scanning can be performed 
Without causing cost increase. 

According to the present embodiment, a highly stable opti 
cal scanning device can be realiZed, While reducing its num 
ber of parts. Accordingly, the amount of use of the materials 
related to the production of the optical scanning device can be 
reduced. As a result, environmental load related to mining of 
resources and discharge of plastic Waste can be reduced. 

According to the laser printer 500 in the present embodi 
ment, because it includes the optical scanning device 900 that 
can perform stable optical scanning Without causing cost 
increase, high quality images can be formed stably Without 
causing cost increase. 

According to the present embodiment, a case that the dif 
fractive grooves on the diffraction plane of the coupling lens 
2 are concentric circular has been explained. HoWever, the 
present invention is not limited thereto, and grooves parallel 
to at least one of a direction corresponding to the main 
scanning direction and a direction corresponding to the sub 
scanning direction can be formed on the diffraction plane of 
the coupling lens 2. When the diffraction plane is formed of a 
resin, a forming mold having a shape of irregularity opposite 
to that of the diffraction plane formed thereon by cutting 
(hereinafter, “transfer shape” for convenience) is used. When 
the shape of the diffraction plane is linear grooves, the trans 
fer shape can be formed on the mold only by running a cutting 
tool in one direction, and there is no problem When the cutting 
tool is released. If the shape of the diffraction plane is con 
centric elliptic grooves, labor for setting a shaft is required 
and it is necessary to consider a method of releasing the 
cutting tool. When the shape of the diffraction plane is step 
Wise symmetrical to the optical axis, an angle for applying the 
cutting tool becomes substantially right angle, and therefore 
convenience in producing the mold is further improved (see 
FIGS. 8A and 8B). 

According to the present embodiment, a case that the line 
image forming lens 4 has the diffraction plane has been 
explained. HoWever, When the required correction is achieved 
by the coupling lens 2, the line-image forming lens 4 having 
no diffraction plane can be used, instead of the line-image 
forming lens 4. 
When in?uences of the diffracted light of unnecessary 

order and scattered light on the diffraction plane cannot be 
ignored, an opening member for shielding unnecessary 
beams can be provided in the optical system before the 
de?ecting unit. For example, as shoWn in FIG. 9, an opening 
member 31 can be provided on the optical path betWeen the 
vertical-cavity surface-emitting laser 1 and the coupling lens 
2, and an opening member 32 can be provided on the optical 
path betWeen the line-image forming lens 4 and the polygon 
mirror 5. In this case, if the Widths of each opening member in 
the directions corresponding to the main and sub-scanning 
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directions are set smaller than the Widths of the aperture 3 in 
the directions corresponding to the main and sub-scanning 
directions, the diffracted light of unnecessary order and the 
scattered light can be removed e?iciently. It can also be con 
sidered to arrange the aperture 3 at a position Where the Width 
of the beams becomes narroW. However, if the aperture 3 is 
arranged at the position Where the Width of the beams 
becomes narroW, there is a problem in that a variation amount 
of the beam spot diameter on the photoconductive drum 511 
due to a processing error (a metrication error) of the opening 
of the aperture 3 increases. 

According to the present embodiment, the case that there 
are tWo scanning lenses in the scanning optical system has 
been explained. HoWever, the present invention is not limited 
thereto, and the scanning lens of the scanning optical system 
can be only one, or three or more. 

According to the present embodiment, the case that the 
vertical-cavity surface-emitting laser 1 has a plurality of light 
emitting units has been explained. HoWever, if it is not nec 
essary to scan a plurality of surfaces simultaneously, a verti 
cal-cavity surface-emitting laser having only one light emit 
ting unit can be used instead of the vertical-cavity surface 
emitting laser 1. 

According to the present embodiment, the case of a direct 
transfer method, in Which transfer of a toner image from the 
photoconductive drum 511 onto the transfer paper is directly 
performed from the photoconductive drum 51 1 to the transfer 
paper, has been explained. HoWever, the transfer can be per 
formed by an intermediate transfer method, in Which a toner 
image is once transferred from the photoconductive drum 51 1 
onto an intermediate transfer medium such as an intermediate 

transfer belt, and then the image is transferred from the inter 
mediate transfer medium to the transfer paper. 

According to the present embodiment, the case that the 
image carrier has a drum-like shape has been explained. HoW 
ever, the present invention is not limited thereto, and the 
image carrier can be a sheet-like shape or a belt-like shape. 
For example, Zinc oxide paper can be used as the sheet-like 
photoconductive photoconductor. 

According to the present embodiment, the case that the 
laser printer 500 is used as the image forming apparatus has 
been described. HoWever, the present invention is not limited 
thereto, and for example, an optical plotter or a digital copy 
ing machine can be used. 

Further, the image forming apparatus can use a silver salt 
?lm as the image carrier. In this case, a latent image is formed 
on the silver salt ?lm by optical scanning, and the latent image 
can be visualiZed by an equivalent process to a developing 
process in a general silver-salt photographic process. Further, 
the latent image can be transferred to a printing paper as a 
transfer object by an equivalent process to a printing process 
in the general silver- salt photographic process. Such an image 
forming apparatus can be implemented as an optical process 
machine or an optical draWing apparatus that draWs a com 
puteriZed tomography (CT) scan image or the like. 

The image forming apparatus can use a color development 
medium (positive printing paper) that develops color due to 
thermal energy of the beam spot as the image carrier. In this 
case, a visual image can be directly formed on the image 
carrier by optical scanning. 

In short, an image forming apparatus including the optical 
scanning device 900 can form high quality images stably, 
Without increasing the cost. 

Even in an image forming apparatus for forming color 
images, by using the optical scanning device corresponding 
to color image, high quality images can be formed stably, 
Without increasing the cost. 
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As shoWn in FIG. 10 as one example, a tandem color 

copying machine including a plurality of photoconductive 
drums corresponding to a color image can be used as the 
image forming apparatus. The tandem color copying machine 
shoWn in FIG. 10 includes a photoconductive drum K1, a 
charger K2, a developing unit K4, a cleaning unit K5, and a 
transfer charger K6 for black, a photoconductive drum C1, a 
charger C2, a developing unit C4, a cleaning unit C5, and a 
transfer charger C6 for cyan, a photoconductive drum M1, a 
charger M2, a developing unit M4, a cleaning unit M5, and a 
transfer charger M6 for magenta, a photoconductive drumY1, 
a charger Y2, a developing unit Y4, a cleaning unit Y5, and a 
transfer charger Y6 for yelloW, an optical scanning device 
900, a transfer belt 80, and a fuser 30. 

In this case, in the optical scanning device 900, the light 
emitting units in the vertical-cavity surface-emitting laser 1 
are divided into units for black, cyan, magenta, and yelloW. 
The beams from respective light emitting units for black are 
irradiated onto the photoconductive drum K1, the beams from 
respective light emitting units for cyan are irradiated onto the 
photoconductive drum C1, the beams from respective light 
emitting units for magenta are irradiated onto the photocon 
ductive drum M1, and the beams from respective light emit 
ting units for yelloW are irradiated onto the photoconductive 
drum Y1 . 

Respective photoconductive drums rotate in a direction of 
arroW in FIG. 10, and the charger, the developing unit, the 
transfer charger, and the cleaning unit are arranged in order of 
rotation. Respective chargers uniformly charge the surface of 
the corresponding photoconductive drum. Beams are irradi 
ated onto the surfaces of the photoconductive drums charged 
by the respective chargers by the optical scanning device 900, 
thereby forming an electrostatic latent image on the photo 
conductive drums. A toner image is then formed on the 
respective photoconductive drums by the corresponding 
developing unit. Respective color toner images are trans 
ferred onto recording paper by the corresponding transfer 
charger, and an image is ?nally ?xed on the recording paper 
by the fuser 30. That is, respective color toner images are 
transferred and ?xed on the same sheet-like recording 
medium, thereby obtaining a color image and a multicolor 
image synthetically. 

In this tandem color copying machine, the optical scanning 
device 900 can include the vertical-cavity surface-emitting 
laser 1 for each color. 

For example, When the optical scanning device 900 
includes a black vertical-cavity surface-emitting laser (here 
inafter, “light source K”), a cyan vertical-cavity surface-emit 
ting laser (hereinafter, “light source C”), a magenta vertical 
cavity surface-emitting laser (hereinafter, “light source M”), 
and a yelloW vertical-cavity surface-emitting laser (hereinaf 
ter, “light source Y”), the polygon mirror can be used com 
monly betWeen respective colors.Accordingly, the number of 
polygon mirrors, Which is relatively expensive, decreases, 
thereby cost reduction can be easily achieved. Because the 
polygon mirror is the largest heat generation source in the 
optical scanning device, a temperature rise in the optical 
scanning device can be suppressed by a decrease in the num 
ber of the polygon mirrors. By suppressing the temperature 
rise in the optical scanning device, an undesired mode hop in 
the vertical-cavity surface-emitting laser can be reduced. In 
this case, as the con?guration of the optical scanning device, 
there are a method in Which respective color beams are inci 
dent to a sub-scanning section including the rotation shaft of 
the polygon mirror substantially symmetrically (so-called 
“opposing scanning method”) and a method in Which the 
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respective color beams are de?ected by the same re?ecting 
surface of the polygon mirror (so-called “one-side scanning 
method”). 
A con?guration example of the opposing scanning method 

using the polygon mirror 5 having tWo-stage de?ection 
re?ecting surfaces is shoWn in FIG. 11. Beams from the light 
sources K andY are de?ected by the upper de?ection re?ect 
ing surface, and beams from the light sources C and M are 
de?ected by the loWer de?ection re?ecting surface. Refer 
ence character 6K in FIG. 11 is a black scanning lens, 6C is a 
cyan scanning lens, 6M is a magenta scanning lens, and 6Y is 
a yelloW scanning lens. 

The scanning method explained above is not limited to a 
mode in Which the beams from the light source are incident to 
a normal of the de?ection re?ecting surface of the polygon 
mirror in parallel. The beams from the light source can enter 
to the normal of the de?ection re?ecting surface of the poly 
gon mirror With an angle. In this speci?cation, this method is 
referred to as an “oblique-incidence method”. A con?gura 
tion example of the oblique-incidence method in the oppos 
ing scanning method is shoWn in FIG. 12. The beams from the 
light source K are de?ected by the polygon mirror 5, and 
condensed on the photoconductive drum K1 via the scanning 
lenses 6111 and 619K. The beams from the light source C are 
de?ected by the polygon mirror 5, and condensed on the 
photoconductive drum C1 via the scanning lenses 6111 and 
6bC. The beams from the light source M are de?ected by the 
polygon mirror 5, and condensed on the photoconductive 
drum M1 via the scanning lenses 6a2 and 6bM. The beams 
from the light sourceY are de?ected by the polygon mirror 5, 
and condensed on the photoconductive drumYl via the scan 
ning lenses 6112 and 6bY. An advantage of the oblique-inci 
dence method is that beams from four light sources can be 
de?ected by a polygon mirror having one-stage de?ecting 
re?ecting surface, thereby enabling further cost reduction. 
HoWever, When the oblique-incidence method is employed, a 
scanning line curvature and deterioration of Wave front aber 
ration occur. Therefore, a scanning lens corresponding to the 
oblique-incidence method needs to be used. 

Further, in the tandem color copying machine, the optical 
scanning device 900 can be provided for each color. 
As described above, according to one aspect of the present 

invention, the coupling lens emits beams from the vertical 
cavity surface-emitting laser toWard the de?ecting unit as 
substantially parallel beams. Therefore, the focal length of 
the coupling lens can be set Without relying on the optical 
characteristics of the scanning optical system. Further, the 
shape of the diffraction plane of the coupling lens is not for 
correcting a change in the optical characteristics of the Whole 
optical scanning device due to a temperature change, but for 
correcting only a change in the optical characteristics of the 
coupling lens itself. Therefore, generality is improved, and 
stable optical scanning becomes possible Without causing 
cost increase. 

Furthermore, according to another aspect of the present 
invention, high quality images can be formed stably Without 
causing cost increase. 

Although the invention has been described With respect to 
speci?c embodiments for a complete and clear disclosure, the 
appended claims are not to be thus limited but are to be 
construed as embodying all modi?cations and alternative 
constructions that may occur to one skilled in the art that 
fairly fall Within the basic teaching herein set forth. 
What is claimed is: 
1. An optical scanning device that scans a scanning surface 

using an optical beam, the optical scanning device compris 
ing: 
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a vertical-cavity surface-emitting laser that emits the opti 

cal beam; 
a coupling lens arranged on an optical path of the optical 
beam from the vertical-cavity surface-emitting laser, the 
coupling lens having a refraction plane and a diffraction 
plane that respectively change a poWer according to a 
temperature change and suppressing a beam-Waist posi 
tion change in a main-scanning direction and a sub 
scanning directions on the scanning surface caused by 
the temperature change, by a Wavelength change of the 
optical beam caused by poWer changes of the refraction 
plane and the diffraction plane and the temperature 
change; 

a de?ecting unit that de?ects the optical beam that passed 
through the coupling lens; and 

a scanning optical system that condenses a de?ected opti 
cal beam on the scanning surface. 

2. The optical scanning device according to claim 1, 
Wherein the coupling lens has a poWer change on the refrac 
tion plane per unit Wavelength smaller than a poWer change 
on the diffraction plane per unit Wavelength. 

3. The optical scanning device according to claim 2, 
Wherein 

the diffraction plane of the coupling lens is a plane obtained 
by combining a ?rst plane having a diffraction effect 
With a second plane having a refraction effect, and 

a poWer of the ?rst plane and a poWer of the second plane 
are cancelled by each other. 

4. The optical scanning device according to claim 3, 
Wherein the diffraction plane of the coupling lens has a multi 
stepped shape. 

5. The optical scanning device according to claim 1, 
Wherein a parallel groove is formed in at least one of a direc 
tion corresponding to the main-scanning direction and a 
direction corresponding to the sub-scanning direction on the 
diffraction plane of the coupling lens. 

6. The optical scanning device according to claim 1, 
Wherein the vertical-cavity surface-emitting laser includes a 
plurality of light emitting elements. 

7. The optical scanning device according to claim 1, further 
comprising: 

an opening on each optical path betWeen the vertical-cavity 
surface-emitting laser and the de?ecting unit; and 

a plurality of opening members that shields an unnecessary 
optical beam. 

8. The optical scanning device according to claim 7, 
Wherein 

each of the opening members includes an aperture for 
regulating a beam spot siZe on the scanning surface, and 

a Width of each opening in a direction corresponding to the 
main-scanning direction and a Width of each opening in 
a direction corresponding to the sub-scanning direction 
in the opening members are set in such a manner that the 
opening in the aperture is the largest. 

9. The optical scanning device according to claim 1, 
Wherein the coupling lens is a resin lens. 

10. An image forming apparatus comprising: 
at least one image carrier; and 
an optical scanning device that scans a scanning surface 

using an optical beam, the optical scanning device 
including 
a vertical-cavity surface-emitting laser that emits the 

optical beam, 
a coupling lens arranged on an optical path of the optical 
beam from the vertical-cavity surface-emitting laser, 
the coupling lens having a refraction plane and a 
diffraction plane that respectively change a poWer 




